Key indicators: single-crystal X-ray study; T = 93 K; mean (C-C) = 0.011 Å; R factor = 0.045; wR factor = 0.125; data-to-parameter ratio = 16.2.
In the title compound, [U(C 4 F 9 O 3 S)O 2 (C 4 H 8 O) 3 ], each U VI ion is located on a twofold rotation axis and is sevencoordinated by two terminal O atoms in the axial positions [U-O = 1.737 (5) Å ] and five O atoms from two monodentate nonafluorobutanesulfonate (NfO À ) and three tetrahydrofuran ligands in the equatorial plane [U-O = 2.388 (5)-2.411 (4) Å ] in a pentagonal-bipyramidal geometry. The crystal packing exhibits weak intermolecular C-HÁ Á ÁO hydrogen bonds involving the non-coordinated O atoms of the NfO À ligands.
Related literature
For related crystal structures, see: Alcock et al. (1993) ; Berthet et al. (2000) ; Charpin et al. (1987) ; Oldham et al. (2006) ; Rebizant et al. (1987) ; Thué ry et al. (1995) ; Wilkerson et al. (1999) .
Experimental
Crystal data [U(C 4 Refinement R[F 2 > 2(F 2 )] = 0.046 wR(F 2 ) = 0.125 S = 1.13 3839 reflections 237 parameters H-atom parameters constrained Á max = 1.64 e Å À3 Á min = À2.31 e Å À3 Table 1 Hydrogen-bond geometry (Å , ). Data collection: PROCESS-AUTO (Rigaku, 2006) ; cell refinement: PROCESS-AUTO; data reduction: CrystalStructure (MSC/ Rigaku, 2006) ; program(s) used to solve structure: SIR92 (Altomare et al., 1994) ; program(s) used to refine structure: SHELXL97 (Sheldrick, 1997); molecular graphics: ORTEP-3 (Farrugia, 1997) ; software used to prepare material for publication: CrystalStructure.
Supplementary data and figures for this paper are available from the IUCr electronic archives (Reference: CV2371).
Comment
In preparation of uranyl(VI) compounds, a source of uranyl(VI) ion should contain only easily exchangeable ligands. In most cases, uranyl(VI) nitrate or chloride hydrates are convenient for this purpose. However, in syntheses of water-sensitive uranyl(VI) compounds, for instance alkoxides and amides, use of anhydrous starting materials must be required. To solve this problem, Berthet and co-workers proposed a preparation method of an anhydrous uranyl(VI) trifluoromethanesulfonate (UO 2 (TfO) 2 ) from a reaction of UO 3 with trifluoromethanesulfonic anhydride (Berthet et al. 2000) .
We followed and modified Berthet's process for preparation of a novel anhydrous uranyl(VI) salt. We tried to synthesize uranyl(VI) nonafluorobutanesulfonate from UO 3 and nonafluorobutanesulfonic anhydride. The obtained crystals from tetrahydrofuran (THF) solution were of the title compound, UO 2 (NfO) 2 (THF) 3 (I, NfO -= n-C 4 F 9 SO 3 -). In this paper, we report its structure. compounds. The U-O NfO bond length (2.388 (5) Å) is identical to those found in other uranyl(VI) complexes with alkylated and perfluoroalkylated sulfonates (Oldham et al. 2006 , Berthet et al. 2000 , Thuéry et al. 1995 , Alcock et al. 1993 ). The average U-O THF bond length is 2.41 (1) Å, which is similar to those in the reported uranyl-THF complexes (Oldham et al. 2006 , Rebizant et al. 1987 , Wilkerson et al. 1999 , Charpin et al. 1987 . Intermolecular short contacts are observed between C-H of THF and the non-coordinating O of NfO -. The C···O distances are 3.57 and 3.41 Å, and the C-H···O angles are 158.7 and 158.0° as summarized in Table 2 . Therefore, these contacts can be regarded as weak intermolecular hydrogen bonds. Figure 3 shows the IR spectrum of I (solid line) in KBr together with that of a potassium salt of NfO -(KNfO, dashed line). Characteristic asymmetric stretching of UO 2 2+ was observed at 947 cm -1 . Other spectral feature except for the band at 1610 cm -1 shows good agreement with that of KNfO, indicating the presence of NfOin I. The peak at 1610 cm -1 may be due to the coordinated THF.
As described above, the anhydrous uranyl(VI) source must be needed in the preparation of the water-sensitive uranyl(VI)
compounds. We believe that compound I provides an alternative selection of the anhydrous uranyl(VI) salts as the starting material.
supplementary materials sup-2
The related crystal structures were published -UO 2 (TfO) 2 (THF) 3 (Oldham et al. 2006 (Rebizant et al. 1987) , UO 2 Cl 2 (THF) 3 (Wilkerson et al. 1999) , and [UO 2 Cl(THF) 2 ] 2 (µ-Cl) 2 (Charpin et al. 1987) .
Experimental
All manipulations for the preparation of the title compound I were performed in a glove box filled by dry argon gas.
Uranium(VI) trioxide (0.37 g) was mixed with nonafluorobutanesulfonic anhydride (Nf 2 O, 5.0 g) in a round-bottom flask.
The mixture was refluxed under the inert atmosphere for 24 h, and then volatiles were evaporated under reduced pressure.
The greenish-yellow residue was dissolved in tetrahydrofuran (THF, 2 ml), and gently warmed. After storing the THF solution at room temperature overnight, the yellow crystals of I deposited. This compound is highly hygroscopic. It should be kept in the THF mother liquor or paraffin oil, and immediately immersed in the cold nitrogen gas flow after mounting on the glass fiber.
IR spectra of I and KNfO in KBr were measured by SHIMADZU FTIR-8400S equipped with a diffuse reflectance attachment.
Refinement
All hydrogen atoms were geometrically positioned (C-H 0.99 Å) and refined as riding on their parent atoms, with U iso (H) = 1.2U eq (C). Refinement. Refinement of F 2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F 2 , conventional R-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > 2σ(F 2 ) is used only for calculating Rfactors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger.
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 ) O3-S1-O4 117.7 (4) C6 i -C6-H6B 111.2 O3-S1-O2 113.0 (3) H6A-C6-H6B 109.1 O4-S1-O2 113.6 (3) O6-C7-C8 104.3 (5) O3-S1-C1 105.9 (3) O6-C7-H7A 110.9 O4-S1-C1 104.4 (3) C8-C7-H7A 110.9 O2-S1-C1 99.8 (3) O6-C7-H7B 110.9 S1-O2-U1 137.7 (3) C8-C7-H7B 110.9 C5 i -O5-C5 110.8 (7) H7A-C7-H7B 108.9 
